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and grinding, as shown in table 1. Therefore, there are 
several methods available to produce, refine and combine 
the coating components. 

Polymer materials applicable in powder form include 
thermoplastics such as polyaniides (PA: Nylon-11 and 5 
Nylon-12, preferably high crystalline grades), polyolefins 
like polyethylene (PE-LD, PE-LLD, PE-HD, PE-MD), 
polypropylene (PP), and their copolymers, polyesters like 
poly (ethylene terephthalate) (PET) and poly(bulylene 
terephthalate) (PBT), and others like poly(vinylidene chlo- 
ride) PVDC. poly(tetrafluoroethylene) (PTFE), polyacetal 
(POM), ethylene-vinyl alcohol (EVOH), polyvinyl alcohol 
(PVOH), ethylene-vinyl acetate (EVA), polyvinyl butyral 
(PVB), acid copolymers, starch, ionomers, a selection of 15 
biodegradable polymers, and amorphous polymers like 
polystyrene (PS), acrylonitrile-butadiene-styrene (ABS), 
polyvinyl acetate (PVAc), polycarbonate (PC), poly(methyl 
methacrylate) (PMMA) and polyvinyl chloride (PVC) can 
be used. Available thermosetting polymers are e.g. epoxies 20 
and its blends, Formaldehydes and some polyesters. Grind- 
ing of sticky (low Tg) plastics may require cryogenic 
conditions. 

The inorganic pigments include e.g. ground calcium car- 
bonate, precipitated calcium carbonate, kaolin, calcined 25 
clay, talc, titanium dioxide, gypsum, alumina trihydrate and 
silica pigments. The amount of inorganic material in the 
powdery film forming material is 40 wt-% at the most, 
preferably 20 wt-% at the most and more preferably 1 2 wt-% 30 
at the most. It is possible that there is no inorganic material, 
and in some films manufactured according to the method of 
the invention it is advantageous if the granular layer is free 
from inorganic material. The mentioned possibilities of 
producing the powdery film forming material are summa- 35 
rized in table 1 . 

TABLE 1 



Description of the possibilities for manufacturing and blending 
of the components of the powdery film forming material. 



Polymerization Dispersion 

process medium Physical state 



High-pressure 
polymerization 



Polymerization 
in supercritical 
conditions 
Suspension 
Polymerization 



40 



45 



50 



Gas Mechanical mixture of separate inorganic 

pigment and polymer particles 

Blend particles of inorganic pigment and 

polymer(s) ground to powder 
Gas Separate inorganic pigment and polymer(s) 

Hybrid of inorganic pigment with polymers) 

Liquid Separate inorganic pigment and polymer(s) 
particles 

Hybrid particles of inorganic pigment and 
polymer(s) 



The formation of a uniform film layer requires powder 55 
melting, spreading and adhesion on the substrate surface. 
These are affected by e.g. thermal and pressure conditions, 
initial particle size, Theological properties of the melt, 
substrate roughness and chemical compositions (i.e. surface 
energies, bonding sites, multicomponent materials). When 60 
the materials require some kind of refining, the preparation 
process parameters require optimization to create a fine- 
sized and homogeneous powdery film forming material 
without forming strong aggregates in the dried or ground 
powder. These aggregates could, due to their large size, give 65 
an uneven and too porous film layer interfering the perme- 
ation properties. Polymer thermal deformability during ther- 



momechanical treatment determines the layer properties 
such as density, openness, smoothness, strength and optical 
properties. 

The particle properties directly influence the conditions 
during the initial powder application, which includes the 
fluidized bed during powder transport and electrostatic 
deposition as an initial adhesion. By grinding mm-scale 
polymer granulate particles, particles in the range 50-250 
um have been produced. Also the drying conditions of the 
material blends in suspensions have been found to greatly 
influence the particle size distribution of the coating powder. 
Aggregates in the range of 5-500 um after spray drying and 
1-100 um after freeze-drying have been produced. The 
average aggregate or particle size can be further reduced 
when applying a certain post-grinding. Favorable particle 
size does not exceed 100 um, but particles as small as a few 
nm can be used. It can be said that a particle size close to 10 
um would be preferable in respect to the charging properties 
but it depends on the powdery film forming material. The 
components of the powdery film forming material can have 
varying electrical properties such as particle surface charg- 
ing and discharging rate. 

A considerable reduction of the applied polymer amounts 
has been possible due to further optimized thermomechani- 
cal fixing conditions (e.g. dwell-time, surface temperature 
and linear load). Barrier coatings and adhesive layers pro- 
duced by the dry surface treatment process can have an 
advantage from the lowest possible film weights. The appli- 
cable film weight in one application is 360 2/m 2 , which 
corresponds to approx. 3-100 um. layer thickness with plas- 
tics. Powder fineness allows the application of thin film 
layers, and the formed layer homogenize with a feasibly low 
energy input in the thermomechanical treatment compared 
to that in the extruder mixing section. 

It is advantageous if all the steps of the manufacturing 
process are made in dry conditions. For example, the powder 
components should be produced as dry or the preparation 
needs to be done in another carrier medium than water (e.g. 
air, another gas or an evaporable liquid). This is to be done 
to avoid the related costs and possible powder defects such 
as too strong agglomeration and large particle size. 

The most profitable way could be preparation of dry 
powder components without the need for drying where the 
particle morphology is adjusted in the production process. 
Fine-sized polymer particles can also be formed by synthesis 
in a gas phase, for example in supercritical carbon dioxide 
(sc-C0 2 ). The separation of the solvent from product is 
simplified because C0 2 reverts to the gaseous state upon 
depressurization, thus eliminating energy intensive drying 
steps. The selection of suitable monomers is quite large, 
including combinations of styrene, butadiene, vinyls, acry- 
lates, and olefinic monomers (typically emulsion, suspen- 
sion, or bulk polymerized grades). The end product is a dry 
powder with a particle size between 0.2 and 10 um readily 
recovered by venting C0 2 . 

In dry surface treatment process of miscellaneous con- 
verting substrates, the powdery film forming material for 
forming the granular layer is sprayed through an area of 
strong electric field and high free-ion concentration to the 
surface of the substrate. The powdery film forming material 
is put into the feeder chamber and transferred to the powder 
deposition unit with compressed air. The compressed air is 
used for many purposes such as powder fluidizing, trans- 
porting, and conditioning. As the complexity of the appli- 
cation equipment, the charging unit and the powdery film 
forming material properties vary, the importance of a con- 
tinuous supply of clean and dry air also increases. The air 
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13 



14 



13. A peelable packaging material for example for lids of 
yogurt cans is composed of the following layers: 
a polyester layer * 
a printing layer 

an adhesive layer * 5 

a polyester layer * 

a layer of peelable material * 

The invention claimed is: 

1. A method for forming a film on a continuous or endless 
planar surface, comprising the steps of: 10 

moving the continuous or endless planar surface between 
a row of electrodes and a backing electrode which are 
located at opposite sides of the continuous or endless 
planar surface and are at different potentials; 

supplying pre-charged powdery particles to a feeding 15 
nozzle, the feeding nozzle forming an electrode in a 
position laterally spaced from and between extra elec- 
trodes to form the row of substantially in a plane 
electrodes and blowing the pre-charged particles from 
the feeding nozzle toward the continuous or endless 20 
planar surface and depositing onto the continuous or 
endless planar surface a layer of the pre-charged pow- 
dery particles of average size less than 100 um con- 
taining less than 40wt-% inorganic additives to form a 
granular layer, wherein the particles are applied to the 25 
continuous or endless planar surface by the powder 
deposition unit utilizing an electric field created by the 
row of electrodes formed by the feeding nozzle and the 
extra electrodes; and 

finishing the granular layer in a calender with at least one 30 
heated member contacting the granular layer, to form a 
first film. 

2. The method for forming a film of claim 1, wherein the 
at least one heated member contacting the granular layer is 

a roll. 35 

3. The method for forming a film of claim 1, further 
comprising the step of: peeling the film off from the con- 
tinuous or endless planar surface. 

4. The method for forming a film of claim 1, wherein the 
continuous or endless planar surface is a paper web. 40 

5. The method for forming a film of claim 1 wherein the 
continuous or endless planar surface is a paper web; and 
further comprising the steps of: 

moving the continuous paper web at 150 to 1,200 meters 
per minute between the electrodes which are located at 45 
opposite sides of the web and are at different potentials 
and past the electrostatic powder deposition unit; 

depositing onto the web the layer of electrically charged 
thermoplastic powdery particles of average size less 
than 100 um containing less than 40 wt-% inorganic 50 
additives to form the granular layer wherein the granu- 
lar layer has a weight of 3-60 g/m 2 , wherein the 
particles are charged and applied to the continuous 



paper web by the powder deposition unit utilizing an 
electric field created by the electrodes; and 
finishing the web with the granular layer in the calender 
with at least one heated member contacting the granular 
layer, to form a first film which is 3-100 um thick. 

6. The method for forming a film of claim 5, wherein the 
at least one heated member contacting the granular layer is 
a roll. 

7. The method of claim 5, wherein the electrodes at the 
opposite sides of the web comprise either: 

a pair of a positive electrode and a negative electrode; or 
a negative or a positive electrode and an earthing elec- 
trode. 

8. The method of claim 5, wherein a second film is formed 
on a side of the paper web opposite the first film by a process 
which is the same as used to form the first film. 

9. The method of claim 7, wherein the second film is 
formed on the side of the paper web opposite the first film 
at the same time as the first film is formed. 

10. The method of claim 5, wherein the powdery particles 
are carried to the web in a gaseous flow. 

11. The method of claim 5, wherein the powdery particles 
are charged by corona charging electrodes. 

12. The method of claim 5, wherein the powdery particles 
are charged by a system using triboelectric charging. 

13. The method of claim 5, wherein the powdery particles 
are charged by using both corona charging electrodes and a 
system using triboelectric charging. 

14. A method for forming a film on a continuous paper 
web or board, comprising the steps of: 

pre-charging particles of a dry powder within a charging 
unit; 

supplying the pre-charged particles from the charging unit 
to negatively charge a feeding nozzle which forms an 
electrode and blowing the pre-charged particles from 
the feeding nozzle toward the paper or board web, the 
feeding nozzle being positioned between negatively 
charged electrodes producing corona discharges, 
wherein the negatively charged electrodes are posi- 
tioned outside of the charging unit and laterally spaced 
from the feeding nozzle, so that the negatively charged 
electrodes and the feeding nozzle form a row substan- 
tially in a plane, wherein the negatively charged elec- 
trodes arranged to attain an even electric field with the 
electrode formed by the feeding nozzle; and 

wherein the paper or board web is backed by a grounding 
electrode at a potential which is lower than or opposite 
to the potentials of the feeding nozzle, and the nega- 
tively charged electrodes producing corona discharges. 

15. The method of claim 14 wherein the grounding 
electrode is a stationary platy electrode. 
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preparation process parameters require optimization to create a fine-sized and 
homogeneous powdery film forming material without forming strong aggregates in 
the dried or ground powder. These aggregates could, due to their large size, give an 
uneven and too porous film layer interfering the permeation properties. Polymer 
thermal deformability during thermomechanical treatment determines the layer 
properties such as density, openness, smoothness, strength and optical properties. 

[0030] The particle properties directly influence the conditions during the initial 
powder application, which includes the fluidized bed during powder transport and 
electrostatic deposition as an initial adhesion. By grinding mm-scale polymer 
granulate particles, particles in the range 50-250 \im have been produced. Also the 
drying conditions of the material blends in suspensions have been found to greatly 
influence the particle size distribution of the coating powder. Aggregates in the 
range of 5-500 \xm after spray drying and 1-100 [im after freeze-drying have been 
produced. The average aggregate or particle size can be further reduced when 
applying a certain post-grinding. Favorable particle size does not exceed 100 p.m, 
but particles as small as a few nm can be used. It can be said that a particle size close 
to 10 |im would be preferable in respect to the charging properties but it depends on 
the powdery film forming material. The components of the powdery film forming 
material can have varying electrical properties such as particle surface charging and 
discharging rate. 

[003 1 ] A considerable reduction of the applied polymer amounts has been possible 
due to further optimized thermomechanical fixing conditions (e.g. dwell-time, 
surface temperature and linear load). Barrier coatings and adhesive layers produced 
by the dry surface treatment process can have an advantage from the lowest possible 
film weights. The applicable film weight in one application is 3-60 g/m 2 , which 
corresponds to approx. 3-100 Jim layer thickness with plastics. Powder fineness 
allows the application of thin film layers, and the formed layer homogenize with a 
feasibly low energy input in the thermomechanical treatment compared to that in the 
extruder mixing section. 
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Application/Control Number: 10/507,437 Page 2 

Art Unit: 1762 

EXAMINER'S AMENDMENT 

1 . An examiner's amendment to the record appears below. Should the changes and/or 
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the 
payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview with 
Patrick Stiennon on 8-16-07. 

The application has been amended as follows: 

- Non-elected claims 34-35 have been canceled. 

- Claim 2 1 : lines 6 & 1 1 : the word - - powdery - - has been inserted before "particles"; 
line 7, "is" has been deleted; line 8, the phrase - - substantially in a plane - - has 
been inserted after the second occurrence of "electrodes". 

- Claim 25, line 6, the word - - powdery - - has been inserted before "thermoplastic". 

- Claims 30-33, line 1 of each, : the word - - powdery - - has been inserted before 
"particles". 

- Claim 36, line 1 1, the phrase - - substantially in a plane - - has been inserted after 

"row". 

- Claim 37, line 1, dependency "5" has been deleted and replaced by - - 36 - -. 
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